Abstract: The paper presents a pneumatic three-cylinder press designed for the formation of elements made of steel sheet with the cold working method. Pipe clamps supporting pipes are the elements to be formed. The paper presents the press construction, its application, basic parameters including obtained load, as well as an electropneumatic system controlling the press together with its electric system. Manual control of the press as well as its automatic work mode were assumed. The paper does not include a pneumatic system doubling the work of the electropneumatic system because of its complexity.
Introduction
The appliances most often used in the plastic working processes are hydraulic appliances (e.g. hydraulic press), but pneumatic and pneumatic-hydraulic systems are also used. Electrohydraulic or electropneumatic systems are used in appliances that generate pressure on the formed material. Electrohydraulic systems used in presses are designed to exert higher forces and stresses in the formed material than electropneumatic systems.
Cylinders used in hydraulic appliances achieve considerably higher values of forces on its piston rod while its moving out movement, than cylinders in pneumatic systems (even 100 times higher) [11] . Pneumatic systems in plastic working work as pneumatic bending machines for pipes with small diameters [13] , or as single-cylinder pneumatic or pneumatichydraulic presses [9, 10, 12] .
Loads achieved by pneumatic presses amount e.g. from 1 kN to 320 kN [9, 10] . In the case of pneumatic-hydraulic presses, loads are higher and amount e.g. from 250 kN to 750 kN [12] . However, in this type of appliances, an increase in the pressure of cylinders is obtained by the use of hydraulic multiplier, driven by compressed air. This type of presses are used mainly as hand-operated appliances, and multiplier is designed to increase the load of the press and to reduce the load on operating lever by the operator.
Appliances, operation of which can be automated, are appliances with hydraulic or pneumatic drives [5] . Operation of these drivers is controlled by electric systems. The best solution is the possibility of both manual start of the press and its automatic start. The automatic operation of the appliance allows cooperating with manipulators/robots.
In the further part of the article, a three-cylinder pneumatic press, which forms sheets with the cold bending method and is designed for automatic and manual operation, is presented.
Three-cylinder Pneumatic Press with Electric Control
As the name implies, the press in its construction includes three pneumatic cylinders with the maximum load 20 kN each one. The maximum load can be achieved with the 6 bar pressure.
The basic components of the press (Fig 1. ) are: cylinders (1), piston rods (2) which are led in sleeves (3). Special shaped punches (4), designed to form a material, are fastened to cylinders. Dies (5), in which material deepens while it is pressed by a punch, are fastened to press tables. All the construction rests on a frame (6), whereas pushbuttons (7) allow the manual start of the press (three cylinders at the same time). The structure of the press allows changing both: the punch and the die. It enables the formation of elements with a developable surface and with a non-developable surface, of different form shapes than the ones of the punch and the die shown in Figure 1 . The press is also equipped with a master switch, which allows air to the electropneumatic system.
The press is equipped with the securing means, which block its start when the operator's hand or maniplulator's/robot's gripper is within the die area. Sensors detecting any unwanted objects are capacitive detectors, which detect both human body or elements made of metal or non-metal. The protection was performed for all three dies.
Another securing means, mounted on the press, are sensors detecting the material in the die. The control system was designed to prevent the punch from exerting pressure directly on the die. In this case, the press can only be started, when three dies are filled with material to be formed. Sensors that detect the material in the die are also capacitive sensors mounted on the press in a way that allows detecting only the material placed in the die.
The important part of the press are sensors that detect the position of the piston in the cylinder. By analyzing this position (inside/outside) any stroke of the piston in which it moves back to the initial position can be used. For the presented press, the stroke is equal to the half of the normal stroke of the applied cylinder. The half of the stroke is used because of possible buckling of the piston rod. Proximity detectors, which detect magnetic inserts mounted in press pistons, were used.
The punch and the die mounted on the press are designed to form an element used as a pipe clamp.
The initial element made from C45 material with 217x30x5mm dimensions were taken to strength analysis of the finished product. The shape of the finished product is shown in Figure 2 . 
Electropneumatic system of a three-cylinder press
The elctropneumatic system used in the press works as an executive system. Three identical cylinders were applied, on which suitably designed punches are fastened. As it was mentioned, the system is applied with the cylinders equipped with magnetic inserts. Apart from cylinders, the electropneumatic system includes one-way flow control valves, which allow regulation of the velocity of the piston movement, while both the bending process (the piston rod move out) and when the piston rod moves back to the cylinder. Each cylinder is equipped in this type of valves. They are mounted at the front end and at the head end of the cylinder. The cylinders are driven with the use of compressed air with the pressure from 4 bar to 6 bar. The air is fed with the use of bistable, five-way, two-positioned distribution valve controlled by an electromagnetic impulse, induced by coils. Each valve is additionally equipped with silencers, thanks to which the system operates quietly. Figure 3 presents the method of the control of one of the cylinders of the three-cylinder pneumatic press. The electropneumatic system is also equipped with the compressed air preparation unit consisted of a filter and a pressure reducing valve, which allows controlling the operating pressure in the pneumatic system.
The last important part of the system is a monostable, two-way, two-positioned distribution valve, controlled in the same way as 5/2 valves, which cuts off the compressed air to the system. It is an additional protection means used in case of failure of the pressure reducing valve.
for blocking the airflow.
The pneumatic system can operate with the working pressure form 4 bar to 6 bar, depending on the punch load which we want to obtain. The working movement of cylinders is slower than the back movement (Fig.3.) , which is indicated by the settings of flow damping on the one-way flow control valves.
The other cylinders operating in the systems similar to the one in Figure 3 ., and the electropneumatic system itself is a very simple solution and is more economic than other types of systems that could be applied for this appliance. Figure 4 shows a diagram of operation of the cylinders in automatic and manual work cycles.
The diagram shows the characteristic course of operation of the cylinders, which reveals that the stroke is incomplete when the piston rods move out. The description in the diagrams correspond to the one in Figure 5 , which is widely discussed in point 2.2. The diagram concerning the automatic operation of cylinders does not take into consideration a standstill stage of operation i.e. removing a finished element by the grip and inserting a blank one on the die. This diagram only presents the cycle of the automated operation of the press. However, the times between the piston rods move in and out enable a free manipulation of the element within the die, i.e. cutting off the power (operation of capacitive sensors). The system presented in Figure 3 includes the following elements: positions of proximity detectors S3.1. and S3.2., a double acting cylinder S3, one-way flow control valves ZDZ3.1. and ZDZ3.2., a bistable 5/2 distribution valve R3 electrically controlled with coils E3.1. and E3.2. Silencers T3.1. and T3.2. which are screwed to valve R3. The element responsible for cleaning the air flowing into the system and for setting proper working pressure is a compressed air preparation unit ZPSP1 equipped with a filter for solid particles and a reducing valve. An electrically controlled monostable 2/2 valve R4 is responsible for the ventilation of the system with compressed air and In the case of manual operation, the diagram presents longer standstills, which result from: releasing the push buttons starting the press, removing the finished element from the die and placing a blank sheet into the die, of which the pipe clamp is to be formed.
Electric system controlling operation of electropneumatic system of a three-cylinder press
Because of the fact, that electric system controlling the operation of the discussed three-cylinder press is rather an extensive system, although it is not complicated, the paper presents only electric system designed for controlling of a single cylinder of the press. Like in the electropneumatic system, the electric system is presented for cylinder S3. In the presented system (Fig 5) , all components controlling other cylinders were removed, what clarifies the scheme. The real system includes all components controlling the press. The electric system allows manual operation as well as automatic operation. The presented system can be also easily adjusted to cooperation with a robot or a manipulator -if such an element is anticipated in the system. However, its actual form allows applying the system to cooperate with a manipulator/robot, thanks to capacitive sensors, detecting both: gripper near the die and the lack of material in the die and thanks to slowly movement of the piston rod. There are security and safety devices protecting the manipulator's gripper. Cylinders do not carry on its operation, either when there is no material in the die or when an intruder is detected. A signal from manipulator should be plugged in line 7 or in line 13 of the system presented in Figure 5 , which will result in braking and cutting-off of the control signal, or, indirectly, the pneumatic signal (with the use R4 valve - Fig.3 ).
Achieved Parameters of Three-cylinder
Pneumatic Press Table 1 presents current parameters of threecylinder pneumatic press. Further modernization of both the pneumatic system and the electric system is intended. The modernization includes among others, the control voltage, the type of valves used as well as direct dependence of voltage on the pneumatic system. The current form of the appliance is its experimental form. 
Parameter name Value
Pressure of the punch: 
YES
The particular elements of the structure of the press were analyzed in terms of its structural strength. The main element of the press transferring loads and stresses is a frame made of steel pipes of a square cross-section, which met the expected strength requirements. Also the punch designed for the press as well as the die transfer the applied load without any damages.
Thanks to proper construction, the press allows changing the punch, which is seated on the piston rod as well as changing the die, which is specially designed for the press. The presented press is suitable for small and medium batch production of elements of small dimensions, which are to be formed from iron and non-iron materials, on the condition that the forces in the forming process will not exceed the range which can be achieved by the presented threecylinder pneumatic press (Table 1) .
The press is also equipped with a doubling pneumatic system, which is a protection in case of the failure of electropneumatic system. Its principle of operation is identical to the electropneumatic system, and the control has been realized basing exclusively on pneumatic elements.
The press is so simple in its construction, that can be easily done by anybody, without commission it to an external firm. The press was designed with the use of pneumatic elements of leading producers from the UE and from the USA. All components of the electric system were made in UE.
Conclusions
Three-cylinder pneumatic press, that is discussed in the article can be an alternative for hydraulic presses, on the condition that the needed punch load does not exceed 20 kN. Comparing to hydraulic systems, pneumatic systems are more ecologic, because they do not need utilization of hydraulic fluids. However, because of the noise, which is made by compressed air, this type of press without using silencers could be a bothersome problem.
The proposed press can be also used for forming bending elements of different shapes or even for stamped elements, but that would require the exchange of the punch and die.
A great advantage of the proposed appliance is the fact that it can be easily performed because its construction and controlling system are very simple. It is also possible to set the velocity with which the piston rod moves out for both working movement and for returning movement.
Essential advantages of this construction are sensors reacting on careless behavior of the machine operator (e.g. holding the material in hand while it is being bent). Thanks to these protections the press does not move out the piston rods, which only takes place when the operator starts it with his/her both hands.
The main drawback of the press are their large dimensions, which justified taking into account the amount of cylinders and the generated load. Another disadvantage of the proposed appliance is a small table, which cannot be larger for the strength reasons.
Summarizing, the proposed appliance was designed to speed up the forming process -three cylinders working simultaneously. It requires further modernization, including changes in the electropneumatic and electric systems. 
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